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COMPARATIVE ANATOMY AND RELATIONSHIPS
OF COLUMELLIACEAE

WiLrLiaMm L. STERN, GEORGE K. Brizicky,!
AND RicHArD H. EvYDE

Género dedicado a Junio Moderato Columela, antiguo espanol.
colocado por Linneo entre los padres de la Botanica, y que escribo

elegantemente en prosa y verso de Labranza y cultivo de Jardines
— Ruiz and Pavon 1794,

IN 1961, Brizicky summarized information on the Andean genus Col-
umellia and presented a taxonomic synopsis of this puzzling group of plants.
The genus was described in 1794 by Ruiz and Pavon and David Don estab-
lished Columelliaceae in 1828. Eleven species have at one time or another
been ascribed to the genus and through his critical examination of all
available herbarium specimens, Brizicky reduced this number to four
more or less well-defined species. Evaluations of the taxonomic position
of Columellia and Columelliaceae have been set forth from the time of
A. L. de Jussieu and Ruiz and Pavon, but even the latest authors have
been unable to fix the relationships of these plants conclusively. “With
its peculiar combination of opposite, exstipulate leaves; bisexual, epigy-
nous flowers; somewhat irregular, sympetalous corollas; two stamens
with plicate and contorted anthers resembling those of some Cucurbitaceae;
two-carpellate, imperfectly two-locular ovaries; and imperfectly four-
locular capsular fruits, Columellia is indeed a unique genus”’ (Brizicky
1961).

Although several positions have been proposed for Columellia and for
Columelliaceae, taxonomists agree that a plausible understanding of the
relationships of these plants requires comprehensive studies to clarify dis-
puted points and to complete our knowledge of their anatomy. It was

with this in mind that the present authors have examined the anatomy
of the flower and fruit, node, leaf, and secondary xylem.

Taxonomic position of Columellia

A. L. de Jussieu (1801) considered Columellia as a genus of Oleaceae
“hoc Genus ad Jasminearum ordinem pertinere.” Kunth (1818) placed
the genus in Scrophularinae, but noted, ‘““An Gesnereis affinior?” At first
Reichenbach (1828) included the genus in Gesneriaceae (‘‘Gesnereae’’ as
a tribe of Bignoniaceae) but later (1837) he transferred it to Oleaceae

' George K. Brizicky died June 15, 1968 in Cambridge, Massachusetts, during the
final stages of the preparation of this manuscript. It is to his memory that the sur-
viving authors respectfully dedicate this paper.
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(“Jasmineae”). Bartling (1830) retained Columellia in Scrophulariaceae
among “Genera incertae sedis.” Sprengel (1830) supposed the affinity of
the genus to be with Gesneriaceae. In 1839, Endlicher placed Columellia
near Ebenaceae among “Genera Dubiae Affinitatis”; later (1841), he in-
cluded it in his classis (order) Petalanthae (Primulaceae, Myrsinaceae,
Sapotaceae, Ebenaceae, and Styracaceae) as a genus ‘‘Petalanthis affinis.”
Schnizlein (1843-1870) recommended an affinity with Saxifragaceae-
Escallonioideae (‘“‘Escallonieen’), and particularly with the genera Argo-
phyllum J. R. & G. Forst., Brexia Nor. ex Thou., and Roussea Smith.
J. D. Hooker (1873, 1875) suggested referring the genus to Loganiaceae.
Baillon (1888) included Columellia in Gesneriaceae as a representative of
the monogeneric series Columellieae (between series Gesnereae and series
Cyrtandreae). Hallier at first (1901) placed Columellia in Rubiaceae as an
anomalous genus and later (1903) included it in Scrophulariaceae as ques-
tionably related to Veronica sect. HEBe Benth. of the tribe Leucophylleae,
Finally (1908, 1910) he transferred it to Saxifragaceae-Philadelpheae.
Herzog (1915) also regarded Columellia as a genus of Saxifragaceae.

Taxonomic position of Columelliaceae

David Don (1828), who founded the family Columelliaceae, considered
it allied to Oleaceae (“Oleinae” and “Jasmineae”) as well as to Styra-
caceae and Ebenaceae. Apparently following the suggestions of his brother,
George Don (1838) showed Columelliaceae (“Columellieae”) to contain
three genera: Columellia, Menodora Humb. & Bonpl., and Bolivaria
Cham. & Schlechtd. (= Menodora Humb. & Bonpl.). He placed the
family between Oleinae and Jasmineaceae. Grisebach (1839) presumed
a close relationship with Gentianaceae. Meisner (1836-1843) favored the
affinity of Columelliaceae with Oleaceae. De Candolle (1839) assumed
a close relationship with Gesneriaceae. Adrien de Jussieu (1848) placed
Columelliaceae in Rubiales between Caprifoliaceae and Valerianaceae.
Lindley (1835) put Columelliaceae in his alliance (order) Cinchonales
(Rubiales) between Vacciniaceae and Cinchonaceae (Rubiaceae) with
which families and Onagraceae he thought it related. He also presumed
an affinity of Columelliaceae with Caprifoliaceae. Agardh (1858) sug-
gested a close affinity of the family with Lythraceae (“Lawsoniae”).
Basing his conclusions on the contorted anthers in both Columelliaceae

and Cucurbitaceae, Clarke (1858) asserted that, “. . . if .the nearest
affinity of this family [Columelliaceae] is not with Cucurbitaceae, yet
there is no other to which it more closely approaches. . . .” Following

de Candolle, Bentham and Hooker (1876), and several of the more recent
taxonomists — Fritsch 1894, Engler 1892 (unchanged in Melchior’s 1964
edition of Engler’s “Syllabus der Pflanzenfamilien”), Schlechter 1920,
Wettstein 1935, and Pulle 1952 — placed Columelliaceae near (Gesneri-
aceae. Fritsch emphasized the similarity with Bellonia L. (Gesneriaceae).
Nevertheless, Wettstein stressed the continuing uncertainty of the sys-
tematic position of Columelliaceae. Warburg (1922) placed Columelliaceae
near Gesneriaceae also: however, he noted: ‘“‘Am natiirlichsten durfte die
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Stellung bei den Rubiaceen sein.” In 1959, Takhtajan allied Columelliaceae
closely to Gesneriaceae, particularly with the genus Ramonda Rich.
Here, and in his 1966 work, he stated that Columelliaceae is a derivative
of Gesneriaceae. Hutchinson (1959) placed Columelliaceae in Personales
with the families Scrophulariaceae, Acanthaceae, Gesneriaceae, Orobanch-
aceae, and Lentibulariaceae. Airy Shaw (in Willis 1966) stated: “Despite
the sympetaly, slight zygomorphy and curious anthers [in Columelliaceae],
probably related to Escalloniac. and Hvydrangeac.: perhaps also to Loga-
niac.” 1In his recent conservative treatment of Saxifragaceae, Thorne
(1968) treated Columelliaceae as a subfamily adjacent to Escallonioideae
and Montinioideae. Columelliaceae is placed in Rosales by Cronquist
(1968) near the Pittosporaceae and Grossulariaceae.

Anatomists have examined the microscopic structure of Columelliaceae
in an attempt to establish its affinities with more certainty. Solereder
(1899) was able to study the structure of Columellia oblonga Ruiz &
Pavén ssp. serrata (Rusby) Brizicky (= C. serrata Rusby) and concluded
that the occurrence of scalariform perforation plates and fibrous elements
with conspicuous bordered pits in the secondary xylem precluded any
close affinity with Gesneriaceae. Rather, he thought, Columelliaceae
showed anatomical similarities to Saxifragaceae. Van Tieghem (1903),
having several species of Columellia at his disposal, confirmed Solereder’s
anatomical observations, thus establishing the homogeneity of secondary
xylem structure throughout the genus. However, van Tieghem believed
Columelliaceae to be best placed in his alliance Rubiales near Rubiaceae.
Metcalfe and Chalk (1950), having no further material at their disposal,
repeated Solereder’s findings. Erdtman (1952) stated that pollen mor-
phology of Columelliaceae does not give any positive indications of the
affinity of the family. He does remark, however, that “The following
families have been mentioned as possibly related [to Columelliaceae|:
Ebenaceae, Ericaceae, Gesneriaceae (the grains of Bellonia [Gesneri-
aceae | are not similar to those of Columellia!). . . .”

Columellia, or Columelliaceae, has been considered related to families
of both Sympetalae and Choripetalae, to families with superior ovaries
and to others with inferior ovaries. Some proposed relatives have stipules
and others are exstipulate; some proposed relatives have opposite leaves
and others have alternate leaves; some proposed related families are
largely herbaceous and others are mostly woody. Among the taxa sug-
gested as relatives, the following seem to predominate: The first proposals
indicated Oleaceae; later the Ericaceae-Vaccinioideae and Rubiaceae were
recommended; Scrophulariaceae appeared a few times in the literature
during .the early 19th century: but Gesneriaceae seemed most strongly
defended in the late 19th and early 20th centuries. Although alliance with
Saxifragaceae was suggested in the mid-19th century, it was not until the
early 20th century and later that the proposal seemed to gain strength.
Several other families have been proposed, though not as often as the
foregoing: Ebenaceae, Styracaceae, Gentianaceae, Loganiaceae, Capri-
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foliaceae, and Onagraceae. Today, both the gesneriaceous and saxifra-
gaceous hypotheses of relationship seem to have equal standing among
plant taxonomists, although the most recent treatments favor alignment
with saxifragaceous taxa. It is clear, though, that the variety of families

proposed as relatives of Columellia (Columelliaceae) could not be much
more diverse.

MATERIALS AND METHODS

In drawing comparisons between Columelliaceae and other families,
it has been necessary for convenience and clarity to accept certain taxo-
nomic delineations and judgements. This is especially important in refer-
ring to the Saxifragaceae which has been treated in different ways by
different authors. Engler’s (1928) treatment is the most detailed to date
and his concept of the family is very broad. He divides Saxifragaceae
into several subfamilies, namely, Penthoroideae, Saxifragoideae, Lepuro-
petaloideae, Parnassioideae, Tetracarpaeoideae, Pterostemonoideae, Iteoi-
deae, Brexioideae, Kirengeshomoideae, Kanioideae, Baueroideae, Hydran-
geoideae, Escallonioideae, Montinioideae, and Phyllonomoideae. Thorne’s
(1968) outline is very reminiscent of Engler’s treatment. In our paper,
when “Saxifragaceae, sensu lato,” is employed, it is used in this broad
Englerian sense.

Other taxonomists have chosen to disassemble the Englerian conglom-
erate into several smaller families; hence, Hutchinson (1967) treated
Engler’s subfamily Escallonioideae as the family Escalloniaceae and his
subfamily Hydrangeoideae as the family Hydrangeaceae. Engler’s tribe
Philadelpheae of Hydrangeoideae is considered as Philadelphaceae by
Hutchinson. The genus Ribes L. is part of the subfamily Saxifragoideae
in Engler but Hutchinson treated it as the basis of the monogeneric fam-
ily, Grossulariaceae. Cronquist (1968), similarly, has dissected Engler’s
Saxifragaceae. Because our comparisons among the vegetative parts of
plants depend heavily on the information in Metcalfe and Chalk (1950),
we have used their taxonomic designations for the Englerian subfamilies.
The concept of Saxifragaceae employed by these two plant anatomists is
wholly herbaceous, and the woody taxa in Engler’s Saxifragaceae are
relegated to other families, e.g., Escalloniaceae, Grossulariaceae, and
Hydrangeaceae (including Hutchinson’s Philadelphaceae). “Saxifrag-
aceae, semsu stricto,”’ as we have used it, refers to a strictly herbaceous
family conforming to the sense of Metcalfe and Chalk.

Terminology used in the descriptions of xylem anatomy follows that
prescribed by the Committee on Nomenclature of the International Asso-
ciation of Wood Anatomists (1957). Other terminology used in descrip-
tions of anatomical structures is that in current use and deviations from
common usage are explained where they occur.

TABLE 1 contains a detailed listing of specimens employed in the study
of the vegetative anatomy of Columellia; materials used for comparative
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floral anatomy are cited in the text. Fluid-preserved material of about
30 flowers of C. oblonga ssp. oblonga was available from one of Tovar’s
collections (4033, USM). All study specimens of wood, stems, leaves, and
flowers (except for comparative floral material of Escallonia and Car-
podetus), are supported by herbarium vouchers and their place of deposit
1s noted in TABLE 1 or in the text.

Methods of preparing specimens for study followed standard laboratory
techniques. Woods were boiled in water to hydrate and stored in 70 per-
cent ethanol prior to microtoming. Transverse, radial, and tangential
sections of wood were stained with Heidenhain’s iron-alum haematoxylin
and counter-stained with safranin. Macerations of wood were prepared
using Jefirey’s fluid. Clearing of leaves was carried out using Arnott’s
(1959) method involving 5 percent NaOH followed by a saturated aqueous
solution of chloral hydrate. After washing in water, leaves were stained
in aqueous safranin to accentuate vascular detail, dehydrated, and mounted
on glass slides in Canada balsam. Transverse and paradermal sections of
leaves were also prepared after embedding in paraffin, These were stained
in Heidenhain’s iron-alum haematoxylin and safranin. Nodal and petiolar
anatomy were studied from hand-cut sections treated with phloroglucinol
and concentrated HCI to differentiate the lignified tissues. Observations
of floral anatomy were performed from serial microtome sections (trans-
verse and longitudinal), cleared thick sections, and cleared whole flowers
of Columellia oblonga ssp. oblonga. These preparations were made using

familiar microtechnical methods from flowers fixed in formalin-acetic acid-
alcohol.

ANATOMY
The Hower

Transverse sections through the base of the Columellia gynoecium show
two locules separated by a thick septum (Fi1c. 1, d, d!). In successively
more distal sections the placentas appear first as single lobes on each side
of the septum (Fi1c. 1, e; Fi1c. 3), then as deeply two-lobed structures
bearing many unitegmic ovules (Fi1c. 1, f). In still more distal sections
there is an opening between the locules (Fic. 1, g, h), but the uppermost
level of the ovary may again be divided by a complete septum (Fi16. 2)
through which the stylar canal enters the ovarian cavity.

If the stylar canal is followed distally its appearance in transverse sec-
tion changes from that of a single cavity to that of a pair of tracts filled
with pollen-transmitting tissue (Fic. 1, j, k). The pollen-transmitting
tracts expand greatly below the two-lobed stigmatic surface, producing
the unusual transectional effect shown in Fic. 4. The outer layers of
gynoecial tissue, from the stylar base to the corolla, constitute a nectary
of small cells with densely staining cytoplasm (Fic. 2).

Flowers of Columellia are devoid of unusual histologic features that
can be used as taxonomic markers. The hypanthium, like the foliage, is
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Fic. 1. Columellia oblonga, flower. Camera lucida drawings of selected trans-
verse sections, arranged sequentially from pedicel (a) to upper part of flower (k).
D, dorsal carpel bundles: S, stamen supply.



-

.2 and 3. Columellia oblonga. flowers in transverse section. Fic. 2. Upper
(free) part of gynoecium, showing nectary and upper ovarian septum, X 30.
Fic. 3. Lower part of flower showing basal septum, arrangement of wvascular
bundles (cf. Fic. 1,e); arrows indicate bundles supplving the 2 stamens, X 60.
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covered with simple, appressed trichomes. Floral tissues contain no con-
spicuous tannin cells or sclereids and no crystal inclusions except for a
few scattered druses. The anthers dehisce with the aid of the familiar
subepidermal banded laver (Fics. 6, 7); moreover, the sporogenous por-
tions, in spite of their peculiar external form, resemble in section the
corresponding parts of ordinary four-locular anthers., The anther sacs,
at least the young ones, are minutely glandular-hairy at the margins, the
glandular trichomes being more or less club-shaped. The gynoecium con-
tains a well-marked endocarp tissue, four to six cells deep on the dorsal
side of the locule, gradually decreasing in thickness in the vicinity of the
septum and the placentas. Cell walls of the endocarp are neither lignified
nor greatly thickened in newly opened flowers, and there is no anatomical
indication of a dehiscence line at this stage.

Floral vascular bundles, many of them amphicribral, diverge from a
continuous cylinder in the pedicel (Fic. 1, a, b). Well below the base of
the locules, the cylinder expands into the pattern shown in Fic. 1, ¢, with
an inner portion of the vascular tissue directed to the septum and the
placentas and an outer portion directed to other parts of the flower. A
few sections above this level, and still below the locules, the outer portion
separates into two series of traces, a gynoecial series and a series supply-
ing perianth and stamens. With additional branching at even higher
levels (Fic. 1, d, d?, e), the gynoecial series contains as many as 20
bundles per carpel, and the other series (now outermost) contains about
a dozen perianth traces plus two stamen traces. A stamen trace can be
united for part of its length with the basal extension of a sepal midvein
or it can be completely free of other bundles to the base of the flower. In
either case, the position of the stamen traces is the same; they occupy
roughly the same radius as the septum. The perianth traces, if followed
distally, become the major veins of sepals and corolla lobes. As in many
other kinds of flowers, there are lateral connections between these strands
at the level where the calyx and corolla become free of the ovary wall,
and minor strands diverge from the major ones within the perianth mem-
bers. The vascular tissue of the stamen broadens within the filament
(F16. 1, k) and terminates in the connective with a great many short
branches.

The vascular supply to the placentas rises through the septum in a
massive and irregular column or plexus (Fic. 1, c—f). Branches to the
ovules diverge from the plexus all through the placental region, but this
portion of the vascular system does not continue above the placentas.
The many outer gynoecial bundles, however, extend all the way to the
base of the style (Fic. 1, g—i). Although the dorsal bundle is not easily
distinguishable in sections through the lower half of the ovary, it is con-
spicuous in higher sections because of its proximity to the locule (F1c.
I, g, h). The dorsal bundle can be followed into the style, which it enters
fls a single well-defined strand. About a third of the way up the style,
it divides into two or more strands, which subdivide further into many



TABLE 1.
Specimens of Columellia Examined
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PARTS
SPECIES COLLECTOR ORIGIN VOUCHER STUDIED *

lucida Danguy & Chen—;lezon

4%

Andre K-1444 Ecuador F, GH t
André 4500 Ecuador F, GH, NY t
Friedberg 240 Peru US |
Mutis 2784 Colombia, sime loco US l
oblonga Ruiz & Pavon
ssp. oblonga
Wurdack 1732 Peru US USw 32548, 1
Tovar 4033 Peru USM USw, 36964, 1, {
Tovar 3785 Peru US |
Ruiz & Pavon 1/52 Peru F
Weberbauer 5584 Peru F, GH, US ]
Weberbauer 7791 Peru A, F, MO, US -4
Camp E—4461 Ecuador GH. NY: Y, US
Vargas 7408 Peru US
Cook & Gilbert 850 Peru US
Cook & Gilbert 1749 Peru US
oblonga Ruiz & Pavon
ssp. sericea (H.B.K.)
Brizicky
Hitchcock 20846 Ecuador GH, NY, US
Rimbach 30 Ecuador F,GH, Y Yw 19496
Rimbach 122 Ecuador A F, Y, US Yw 22824, 1
Drew E-113 Ecuador US l
Jameson s.7. Ecuador US 534794 |
Jameson s.n. Ecuador US 534793 |
Mille 44 Ecuador A, GH, NY, US |
Mille 409 Ecuador US l
Ownbey 2618 Ecuador US I
Dodson & Thien 1067 Ecuador US |
Asplund 7152 Ecuador US l
Asplund 8003 Ecuador US |
Wiggins 10351 Ecuador US, DS |
[Lehmann 4685 Ecuador F.US |
Fosberg 21175 Colombia US 1
oblonga Ruiz & Pavon
ssp. serrata (Rusby)
Brizicky
Bang 1172 Bolivia US
obovata Ruiz & Pavon
Weberbauer 5482 Peru F, GH, US
Herrera 3451 Peru I
Velardo Nunez 3309 Peru US
Tovar 1266 Peru US
Dombey s.n. Peru US 1706475
Dombey s.n. Peru US 1706480
Peru

Vargas 7693

MO, US
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¥*] = leaf, w = wood, t = twig, { =

bers (1960).
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strands just below the stigma. The remaining bundles of the gynoecium
wall converge upon the dorsal at the base of the style (F1c. 1, i); how-
ever, they do not appear to merge with the dorsal, because it enters the
style with its cross-sectional shape and dimensions unchanged.

The leat and the node

Hairs on leaves of Columellia are thick walled and simple, tapering to
the obtuse tip and slightly swollen or bulbous at the base (Fics. 10, 11).
Trichomes emanate from the center of saucer-shaped depressions in the
lower epidermis. These are formed from several radially oriented cells each
of which is thicker toward the periphery of the depression and thinner
toward the center where the hair arises (Fics. 10, 11),

The cuticle is thick and covers upper and lower epidermis. It 1s espe-
cially pronounced toward leaf margins and in the trichome-base depres-
sions of the lower epidermis. It also covers all portions of hairs. The cuticle
is strongly modified in the stomatal region; it covers the exposed surfaces
of guard cells and it over-arches both the outer portion of the aperture
producing a front cavity and the inner portion producing a back cavity
(Fies. 11, 12).

Stomata are restricted to the lower epidermis. The stomatal apparatus 8
is anomocytic (sensu Metcalfe and Chalk, 1950), i.e., the guard cells are
surrounded by cells of varying number which are indistinguishable In
form or position from the remainder of the epidermal cells (Fic. 10).
Guard cell walls are thickened along the inner surface facing the spongy
mesophyll and on the outer surface (Fics. 11, 12). In paradermal view,
guard cells are elongate-reniform (Fic. 10).

The lower epidermis is uniseriate; the upper epidermis is biseriate
(Fies. 11, 13, 15). Since developmental studies could not be conductefi,
it is not possible to determine if the inner layer is protodermal in origin
or if it arose from the ground tissue. Inner cells of the biseriate upper
epidermis are larger and conspicuously more rotund than those of the
outer layer (Fics. 13, 15). Leaves are dorsiventral and the mesophyll
is divided into a biseriate, upper palisade layer and a lower spongy layer.
In the thickish leaves of Columellia lucida and C. obovata, the transitiqn
between palisade and spongy mesophyll is not sharp. Furthermore, 1
these two species, there is a tendency for a lower palisade layer to be
formed and an isobilateral condition (Fic. 15). .

Leaves of all species of Columellia are glandular; in those species having
serrate leaves, the tips of the teeth and the apical point are glandular;
in species with entire leaves, the apex of the leaf may be glandular.

* Although Metcalfe and Chalk (1950), Fahn (1967), and Esau (1965) do not
agree, the first author would prefer to use the term stoma (Gr. a mouth) in its re-
stricted sense to mean the actual aperture or pore in the epidermis which is sur-
rounded by the guard cells. The term stomatal apparatus is used here to mean the
stoma, guard cells, and subsidiary (accessory) cells, if present. The maintenance of
separate terms for the aperture and guard cells seems meritorious in that it provides
for independent reference to each of these units and alleviates the possible redundant
implications of referring to the “aperture of a stoma.” | |



Fi1Gs. 10 and 11 Columellia oblonga ssp. oblonga, Tovdr 4033. Fic. 10. P:}ra-
dermal view of leaf epidermis showing elongate-reniform guard cells and thick-
Walled hairs set into saucer-like depressions. Fi1c. 11. Transverse section of leaf
Sho“'i"g biseriate upper epidermis, biseriate palisade laver, and uniseriate lower
®Pidermis. The cuticle overarches the unevenly thickened guard cells externally
and internally to form front and back cavities. Bases of hairs are situated in

*aucer-like depressions of the lower epidermis.



Figs. 12-15. Fic. 12. Columellia lucida, Friedberg 240. transverse section of
lower epidermis of leat showing thickened cuticle and overarching cuticular
modification in assoclation with stomatal apparatus, X 600. Fic, 13. C. oblonga
ssp. oblonga, Tovdr 4033, transverse section through mid-vein of leaf showing
biseriate upper epidermis, uniseriate lower epidermis, bundle sheath, and bundle
sheath extensions, X 210. F1c. 14. C. oblonga ssp. oblonga, Tovdr 3785, cleared
whole mount of leaf showing a single glandular serration: dark bodies in gland
are fruiting structures of an aspergillous fungus. X 40. Fic. 15. C. lucida,
Friedberg 240, transverse section through mid-vein of leaf showing biseriate
upper epidermis, uniseriate lower epidermis, bundle sheath and bundle sheath

extensions, tendency to development of a lower palisade layer, and abundance of
thick-walled fibers 1in the vascular bundle, < 180.
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Fics. 16 and 17. Sectional series through petioles of Columellia, (a) being
distal, (c) proximal, showing increasing distal development of sclerenchvma.
Fic. 16. C. oblonga ssp. sericea, Drew E-113. Fic. 17. C. oblonga ssp. oblonga,
Cook & Gilbert 1749. (x) xvlem, (p) phloem, (s) sclerenchyma.

Glands are highly vascularized and massive (Fi1c. 14): proximally adjacent
to the secretory epithelium is a cupulate reticulum of vascular elements.
That the central portion of the gland contains a cavity is borne out by the
occurrence there of aspergillous fruiting bodies in some specimens. Apices
of glands are aperturate probably through schizogeny.

Vasculation of the petiole is characterized by a single collateral strand
of conducting tissue varying from crescentiform to cupulate to almost
semiterete in transverse section (Fics. 16-20). Xylem is adaxial and
phloem is abaxial. In all species examined. an abaxial sclerenchymatous
region develops progressively from the proximal to the distal portion of
the petiole (Fi1cs. 16-18). In specimens of Columellia oblonga ssp. 0b-
longa (Fic. 17) and C. lucida (Fic. 19), a well-developed lunate layer
completely subtends the phloem at the extreme distal end of the petiole;
in specimens of other species (F1cs. 16, 18, 20) the sclerenchyma seems
not to develop into more than a series of widely-spaced rods at this point.
However, sections through the mid-vein of the lamina in C. oblonga ssp.
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Fics., 18-20. Fic. 18. Columellia oblonga ssp. serrata, Bang 1172, sectional
series through petiole, (a) being distal, (c) proximal, showing increasing distal
development of sclerenchyma. Fic. 19. C. lucida, Friedberg 240, distal section
of petiole showing complete sclerenchymatous arc. F1c. 20. C. obovata, Vargas
7693, distal section of petiole showing sclerenchyma as an arc of rods at this
point. (x) xylem, (p) phloem, (s) sclerenchyma.

sericea (Drew E-113), which shows a series of sclerenchymatous rods at
the distal end of the petiole (F1c. 16, a), show a complete sclerenchyma-
tous layer subtending the phloem. It is likely, therefore, that in the
laminae of all species of Columellia, the mid-vein is supported by an
abaxial layer of sclerenchyma. The central vascular strand of the petiole
branches into a series of minor strands toward the base of the lamina
(Fics. 16-20).

In Columellia oblonga the mid-vein of the lamina is characterized by
secondary growth and several layers of secondary xylem and phloem are
produced (F1c. 13). In C. lucida and C. obovata, secondary growth is not
pronounced; furthermore, in these species most of the xylem in the mid-
rib and secondary veins consists of thick-walled fibers (Fi1c. 15). Bundle
sheaths surround secondary veins in all species. Bundle sheath extensions
(Wylie, 1952) reach upper and lower epidermises in C. oblonga (Fic. 13);
in C. lucida and C. obovata, there are no bundle sheath extensions asso-
ciated with the bundle sheaths of secondary veins.

The node in Columellia is unilacunar and a single trace emerges through
each of the two opposite gaps in the vascular cylinder (Fi1c. 21).
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F IG. 21. Transveljse section of stem illustrating the unilacunar node in Colu-
mellia; (x) xylem, (p) phloem, (It) leaf trace.

The secondary xylem

The wood of Columellia is generally without growth rings, although in
the immature specimens of C. obovata, represented by Weberbauer 5482
and Nunez 3309, more or less sharply defined rings occur. However, both
of these specimens show strong evidence of decay or disease and it is sus-
pected that the growth rings are related to these conditions. All woods
examined are diffuse-porous, the strictly solitary, uniformly-sized pores
being distributed evenly across the transverse surface (Fic. 23). Vessel
walls are thin and there are no tyloses. Pores are angular.

Data for measurements of vessel diameter, vessel element length, bars
per scalariform perforation plate, tracheid length, and heights of vascular
rays are presented in TABLE 2. Because both mature and immature wood
were examined, measurements for each are separated in the table to
provide a more meaningful basis for comparisons with xylem in other taxa.

Vessel elements are generally long and narrow although ligules as such
are short and sometimes lacking. End wall angle ranges from 10” to 45°.
Perforation plates are entirely scalariform (F1Gc. 27) and in some cases
bars are so profusely branched they give the appearance of pits. Openings
in scalariform perforation plates are completely bordered. Spiral thicken-
ings occur in the cell walls of ligules throughout all species, being more
prominent in some than in others. In specimens of Columellia oblonga
ssp. oblonga, vaguely outlined spirals are seen in the body segment of
vessel elements and they are strongly marked in the ligules; in C. oblonga



Fres. 22-25. ¥ic. 22. Escallonia myrtilloides, Rimbach 13, Yw 16920, trans-
verse section of xylem showing solitary distribution of angular pores, X 100.
Fic. 23. Columellia oblonga ssp. sericea, Rimbach 122, transverse section of
xylem showing solitary distribution of angular pores, and scanty vasicentric and
diffuse axial parenchyma, X 100. Fi1c. 24. E. myrtilloides, tangential section of
xylem with biseriate vascular rays and spiral thickenings in tracheids and vessels,
X 100. F1c. 25. C. oblonga ssp. sericea, tangential section of xylem showing
uniseriate vascular ravs and tracheids, < 100.
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Fics. 26-28. Fi1c. 26. Escallomia myrtilloides, Rimbach 13, Yw 16920, radial
section of xylem showing scalariform pertoration plates, X 150. Fi1c. 27. Colu-
mellia oblonga ssp. sericea, Rimbach 122, radial section of xylem showing
scalariform perforation plates, X 100. Fic. 28. C. obovata, Weberbauer 5482,
longitudinal section of xylem showing spiral thickenings in vessels, > 500.
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ssp. sericea, spirals are tenuous at best and appear only in ligular portions;
in C. lucida spirals occur only in ligules; and in C. obovata spirals are
conspicuous throughout the lengths of vessel elements (Fic. 28).
Intervascular pitting is generally absent owing to the solitary nature
of vessels: however, a suggestion of intervascular pitting is sometimes

present in the overlapping ends of superposed vessel elements. In these
areas, the circular to elongate pits are sparse and irregularly scattered but
there is a tendency toward the alternate arrangement.

Imperforate tracheary elements are tracheids, the pits in these cells
being of the same order of magnitude as those which occur in the over-
lapping ligulate portions of vessel elements (F1c. 25). Pitting in tracheids
is ordinarily uniseriate; less commonly two rows of pits are present, stag-
gered alternately. Inner apertures of pits are elliptical, crossed in face

view, and included within the pit border., Tracheid walls vary from very
thin to thick,

Vascular rays are entirely uniseriate and comprise axially elongated or
upright cells only (Fi1c. 25). These rays are homocellular and the ray tis-
sue corresponds with Kribs’ (1935) Heterogeneous Type II1.

TABLE 2.

Summary of Xylem Anatomical Measurements in Columelliaceae
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